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Lab #1 -- Orientation Lab
The purpose of this lab experiment is to become familiar with some elementary aspects of Gaussian beams, optical alignment and interferometry.  First, we measure some properties of a Gaussian laser beam.  Next, a laser beam is aligned with respect to an optical bench, spatially filtered, and collimated.  Then, a Twyman-Green interferometer is set up to observe interference fringes. 

Each student should align the spatial filter, collimate the beam using the shearing plate, and fine tune the Twyman-Green to obtain fringes at least once.  The techniques you learn today are needed throughout the semester in order to do the lab experiments.

Preparation
Read Siegman, Lasers, pp. 682-685, about gaussian beams.  Read Malacara, ch 4, about the shearing plate.  Read S. A. Self, "Focusing of Spherical Gaussian Beams,"  Appl. Opt. 22 (1983) 658-661.

Procedure

Gaussian Beams
1)
From the information provided by your lab TA, calculate the irradiance pattern expected at a distance 2 m in front of the laser.  Plot a graph of the pattern in your notebook.

2)
Measure a profile of the laser using a commercial beam profiler.  Distance from the laser should be 2 m.

3)
Plot your data on the same grid you used in part (1).  Compare experimental and theoretical results.


Collimation of a Laser beam
1)
Adjust the height and angle of laser beam to align it parallel to the optical bench.

2)
Adjust height and tilt of components (i.e., collimating lens, and beamsplitter) so that reflections off the optical surfaces are reflected back on themselves.

3)
Place the spatial filter assembly in front of the laser without the pinhole.

4)
Align the microscope objective so that the beam comes out in the proper orientation.

5)
Replace the pinhole into the spatial filter assembly and defocus the microscope objective until light comes through the pinhole.

6)
Adjust pinhole position for maximum throughput, bring microscope objective slightly back into focus, and adjust the pinhole again.

7)
Repeat Step 6 until the pinhole is at the microscope objective's focus.

8)
Insert collimating lens.  Adjust height if necessary.

9)
Use plane parallel (shearing) plate to check for collimation by placing it in the expanded beam and observing fringes.  The shearing plate should be oriented with the wedge going from top to bottom.  When the beam is collimated, equally spaced straight horizontal fringes will be seen.  Note that if the collimating lens is backwards, the fringes from the shearing plate will not be straight.

Questions
1)
A beam waist is located in the front focal plane of a simple positive thin lens.  Where is the waist in image space?  What is the image-space waist diameter and Rayleigh range?

2)
A beam waist is located just before a simple thin lens.  The wavelength is 632.8 nm.  The diameter of the waist is 5.0 mm.  The focal length of the lens is 25.0 mm.  Where is the waist in image space?  Is this significantly different than the focal point observed with a non-Gaussian beam?  What is the Rayleigh range of the waist in image space?

3)
What is the Guoy effect?

4)
What is the effect of pinhole size on the spatial filter output?

5)
How do you determine the optimum pinhole size?

6)
Would it be easier or harder to align with the wrong size pinhole?

7)
If the collimating lens is in backwards, what aberration is present?

